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© The opening and closing movements of an injec- 
tor valve member which closes and temporarily 
opens discharge orifices communicating with the 
combustion chamber of an internal combustion en- 
gine is controlled by the fuel pressure in a control 
chamber (350) arranged at one end of the injector 
valve member piston (336). Fuel is evacuated from 
said control chamber (350) through bores (348, 352, 
366, 364) when a valve item (76) is lifted off its seat 
(70) to allow the opening of the injector valve mem- 
ber. Reseating the valve stem (76) results in tem- 
porarily moving an intermediate valve body (332) 
away from a seating surface (354) to provide fast 
refilling of the control chamber (350) with fuel flowing 
through bores (360) connected to an inlet bore (358). 
A sharp closure of the valve member is achieved. 
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DEVICE FOR THE CONTROL OF ELECTRO-HYDRAUL1CALLY ACTUATED FUEL INJECTORS 


Technical Field 

The present invention relates generally to a 
device for the control of the opening and closing 
movements of the injector needle valve of eiectro- 
hydraulically actuated fuel injectors as defined in 
the pre-characterising clause of claim 1. 

Background and Summary of the Invention 

Different designs of electro-hydraulically actu- 
ated fuel injectors are disclosed in the US-A- 
3.610,529 and in the US-A-4,566,416. In these dis- 
closed injectors the opening and closing move- 
ments of the injector needle valve member are 
controlled by the fuel pressure acting on both sides 
of an injector needle valve piston. The end surface 
of the needle valve piston opposite to the tip and 
seat of the injector needle valve is biased by the 
fuel pressure in a control chamber. An inlet orifice 
to this control chamber connects the latter to a 
high pressure fuel supply line. An outlet orifice 
from this control chamber can be opened and 
closed by an electromagnetically operated on-off 
pilot valve. Upon energization of a solenoid, the 
pilot valve retracts from its seat at the outlet orifice, 
opens the latter and, due to the restriction of the 
inlet orifice, the pressure in the control chamber 
drops sufficiently to allow for the opening motion of 
the injector needle valve member and the begin of 
the injection event. Reseating of the pilot valve 
after the end of the electric pulse to the solenoid 
results in a pressure rise in the control chamber 
due to the fuel entering the chamber through the 
inlet orifice. Upon this pressure rise the injector 
needle valve member will be closed and the injec- 
tion event will be terminated. 

In order to improve the combustion process of 
the related internal combustion engine a fast and 
clean end of the injection event is needed, which is 
provided by a fast closing event of the injector 
needle valve member. For a given engine size, a 
given size of injection orifices is needed, which 
determines the diameter of the needle valve seat 
and in turn the diameter of the needle valve piston. 
The larger the size of said inlet orifice, the faster 
the refilling of the control chamber and therefore 
the faster will be the closing movement of the 
injector needle vaive member. 

However, a large size of the inlet orifice also 
means a large size of the outlet orifice, since 
otherwise the pressure drop in the control chamber 
will not be sufficient. Since both orifices are fully 
open when the pilot valve is retracted, a consider- 
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able amount of fuel will bypass both orifices during 
the injection event. For typical injectors of this 
type, at full engine torque, in addition to the in- 
jected fuel 50% are bypassed through the two 

5 control orifices. At partial engine load this percent- 
age increases and sometimes becomes larger than 
the injected fuel 

It is now the main object of the present inven- 
tion to propose a device for the hydraulic control of 

70 the injector needle valve movement for injectors* of 
the afore-mentioned type which allows a precise 
and always repeatable control of the opening and 
fast closing movement of the injector valve mem- 
ber with a greatly diminished need of fuel to imple- 

75 ment said movements. 

According to the present invention, this object 
is achieved by the features of the characterising 
part of claim 1 . 

In the FR 2 541 379-A1 and FR 2 543 647-A1 

20 an injector with an electro-hydraulically operated 
needle valve member and a three-way valve to 
control the opening and closing movements of the 
needle valve member are proposed. The injector 
needle valve opening motion is slow due to the 

25 interposition of a sealing valve plate with an orifice 
between the end-surface of the needle valve piston 
and the discharge passage. The closing motion of 
the injector valve is fast, since the valve plate 
opens a larger section for the passage of fuel 

30 during the injector valve closing event. The fuel for 
the closing event is supplied through an inlet pas- 
sage opened by means of the three-way valve. As 
a result, the design of the three-way valve is com- 
plicated and expensive to manufacture, particularly 

35 if the injector is supposed to operate at high fuel 
pressures. 

In the present invention a simple on-off valve 
can be used to control the opening movement of 
the injector valve member, while during the initial 

40 phase of its closing movement an intermediate 
valve body will temporarily and automatically open 
fuel inlet passages of big size machined in a pres- 
sure control element for the fast closure of the 
injector needle valve member. These fuel inlet pas- 

45 sages are substantially closed by the intermediate 
valve body during the opening movement of the 
injector valve member, thus minimizing the spillage 
of fuel across the pilot valve seat during the injec- 
tion event. 

so An advantageous embodiment of the invention 

is discussed in the description below and shown in 
Figure 1, which is an enlarged fragmentary axial 
sectional view of the peculiar portion of an electro- 
hydraulically actuated fuel injector according to the 
present invention. 
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Detailed Description of Figure 1 

Figure 1 discloses the design of only the por- 
tion of an injector with electro-hydraulically ac- 
tuated injector needle valve, according to the 
present invention, which controls the pressure in 
the control chamber on top of the injector needle 
valve piston. Reference is made to Figure 1 and 
also to Figures 4 and 5 of EP-A-0228578 regarding 
the design of the entire injector. 

The needle valve piston 336 of the injector 
needle valve (which is only partially shown and 
which closes and temporarily opens fuel discharge 
orifices) shows an upper section 338 having a 
smaller diameter On this smaller section 338 a 
spring 340 is placed. The opposite side of spring 
340 is engaging a section of an intermediate valve 
body 332 having a reduced diameter, and this end 
of spring 340 is resting on a shoulder of the valve 
body 332. Between the upper part of the intermedi- 
ate valve body 332 and the upper elongated sec- 
tion of a guide bore 342 for the needle valve piston 
336, which is machined into an injector housing 
344, an annular ring-shaped space 346 of a rela- 
tively big cross sectional area is provided. The 
intermediate valve body 332 is provided with a 
small bore 348, one end of which is connected with 
the control chamber 350 on top of the injector 
needle valve piston 336. The other end of the small 
- bore 348 is connected to a bore 352 having a 
greater diameter machined in the intermediate 
valve body 332. 

The intermediate valve body 332 has a seating 
surface 354 which acts together with the seating 
surface of a pressure control element 334. The 
control element 334 is provided with a ring bore 
356 which is connected to the high pressure inlet 
connection (not shown) of the injector by a bore 
358 of big cross sectional area. A number of bores 
360 machined into the control element 334 con- 
nects the ring bore 356 with the seating surface of 
the control element 334. The seating surface 354 
can be either flat as shown, or slightly sphercial or 
also conical. 

A small bore 362 connects the ring bore 356 
with a small bore 364 machined on the longitudinal 
axis of the pressure control element 334. One end 
of the small bore 364 is connected to a seating 
surface 70 and can be opened and closed by the 
stem 76 of an electromagnetically operated on-off 
solenoid needle valve 72 (not shown in detail). The 
construction and operation of the solenoid needle 
valve 72 is shown and described in EP-A-0228578. 
The other end of the small bore 364 is connected 
to a bore 366 of greater diameter, which in turn is 
connected to the bore 352 machined into the inter- 
mediate valve body 332. The control element 334 
and the injector needle valv piston 336 are tightly 
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fitted into guide bore 342 in order to minimize 
leakage of fuel from high to lower fuel pressure 
regions. Several alternative embodiments of the 
design of Figure 1 can be used, of which two shall 
5 be shortly discussed hereinafter. In a first alter- 
native embodiment, for some applications it is 
more practical to make the guide bore 342 with two 
sections having different diameters, one guiding 
the needle valve piston 336, the other guiding the 

10 control element 334, which can also be press-fitted 
in the guide bore. Furthermore, instead of guiding 
the spring 340 on its inner diameter, the latter 
could be placed in a cylindrical recess of the 
needle valve piston 336, the recess guiding the 

75 spring 340 on its outer diameter. This solution 
minimizes the lenght of the guide bore 342. 

The mode of operation of the embodiment of 
Figure 1 to allow for the pressure in the control 
chamber 350 to control the injector needle valve 

20 opening and closing motions is the following: prior 
to the beginning of the injection event, the inter- 
mediate valve body 332 is contacting the control 
element 334, thus the seating surface 354 substan- 
tially prevents the passage of fuel through the 

25 bores 360. When the solenoid needle valve 72 is 
retracted from its seat 70, the fuel pressure in the 
small bore 364 and consequently also in the larger 
bores 366 and 352, in the small bore 348 and 
finally in the control chamber 350 quickly drops, 

30 which causes the injector needle valve to be 
moved upwardly and to initiate the injection event 
as described in more detail in EP-A-0228578. 

To terminate the injection event the solenoid 
needle valve 72 will first close the outlet of the 

35 small bore 364. Fuel will now flow from the small 
bore 362 through a part of the small bore 364 and 
increase the pressure in the larger bores 366 and 
352. This, together with the fuel pressure prevailing 
in the bores 360 will momentarily move the inter- 

40 mediate valve body 332 off its engaged position 
with the control element 334. This results in a big 
flow area provided through the bores 360 and the 
ring-shaped space 346 to supply fuel in order to 
sharply close the injector needle valve. 

45 A first advantage of this solution is therefore 

the provision of a very quick closing motion of the 
injector needle valve, while maintaining the control 
upon its opening motion. In addition, spillage of 
fuel through the small bore 364 during the injection 

so event is greatly diminished compared to prior solu- 
tions. 

In an alternate embodiment, the small bore 362 
connects to the bore 366 instead of the small bore 
364, which is more simple to machine. 
55 In a second alternate embodiment, the small 

bore 348 in the intermediate valve body 332 is 
omitted, the bore 352 therefore connecting the 
control chamber 350 with the bore 366. In this case 
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the ring shaped space 346 is also omitted' and the 
intermediate valve body 332 is guided with a rela- 
tively tight sliding fit in the guide bore 342. Appro- 
priate sizing of the bore 352 will provide a large 
passage for the fuel from the bores 360 to the 
control chamber 350 during the closing movement 
of the injector valve member. The opening move- 
ment of the injector valve member is now con- 
trolled by the sections of the small outlet bore 364 
and of the small bore 362. The momentary move- 
ment of the intermediate valve body 332 during the 
closing event of the injector valve member is trig- 
gered by the fuel pressure prevailing in the bores 
360. 

In a third alternate embodiment the small bore 
362 is omitted. An adequate machining of a portion 
of the seating surface 354, for example with small 
radial grooves or with another method, provides the 
fuel pressure to trigger the momentary movement 
of the intermediate valve body 332 during the clos- 
ing event of the injector valve member. 

Combining one or more of the above discussed 
alternatives with the main features of the present 
invention allows the fine tuning of the opening and 
closing movements of the injector valve member to 
an optimum value for a given engine application. 

The components determining the opening and 
closing movements of the injector valve member, 
which are: the stem 76 of the solenoid needle valve 
72, the control element 334, the intermediate valve 
body 332 and the spring 340, can be placed in any 
appropriate location of the injector, aside from the 
control chamber 350. and therefore must not nec- 
essarily be placed as shown in Figure 1. These 
components can be placed at any angle compared 
to the longitudinal axis of the needle valve piston 
336. In this case a connecting passage must con- 
nect the control chamber 350 with the side of the 
intermediate valve body 332 opposite to the seat- 
ing surface 354. 

As explained, the present invention allows a 
substantial reduction of the fuel spilled from the 
small bore 364 during the injection event. Due to 
this fact the small bore 364, for a given engine 
size, can be smaller compared to the prior art 
solutions. Therefore the reduced hydraulic force 
transmitted from the fuel pressure in the small bore 
364 to the solenoid valve stem 76 allows the use of 
an electromagnetic actuator with reduced dimen- 
sions, which is a further advantage. However, a 
solenoid valve seat 70 sealing the small bore 364 
right at its circumference must be used to exploit 
the above mentioned advantage. This is the case in 
the construction of Figure 1 with a flat seat 70. A 
slightly conical or spherical seat or generally a 
durable seat sealing the bore 364 right at its 
circumference can also be used. 


Claims 

1. Device for the control of the opening and fast 
closing movements of the injector valve mem- 

5 ber of an injector for intermittently injecting 

fuel into the combustion chamber of an internal 
combustion engine, comprising a housing 
(344), a piston member (336) urging the injec- 
tor valve member in the closed position 

io against a valve member seat provided with fuel 

discharge openings, a guiding bore (342) for 
said piston member (336) and a control cham- 
ber (350), said piston member (336) being 
subjected to the fuel pressure in said control 

75 chamber (350), said device further comprising 

an electromagnetically operable solenoid valve 
(72) having a stem (76), said stem (76) being 
in engagement with a solenoid valve seat (70) 
and being shiftable between an open and a 

20 closed position to open and close the outlet 

side of a discharge passage (364); charac- 
terised by at least one first passage (360) 
connected at one end to a seating surface 
(354) and at the other end to a fuel inlet 

25 passage (356, 358) of the injector of big cross 

sectional area, a valve body (332) engaging 
with said seating surface (354) at least during 
the opening movement of the injector valve 
member and therefore of the piston member 

30 (336) to substantially prevent fuel flow from 

said at least one first passage (360) into said 
control chamber (350), at least one second 
passage (352) in said valve body (332) con- 
necting said control chamber (350) to said 

35 discharge passage (364), the opening move- 

ment of said stem (76) resulting in a pressure 
drop at least in said discharge passage (364), 
said second passage (352) and said control 
chamber (350) to allow for the opening move- 

40 ment of said piston member (336) and con- 

sequently of said injector valve member, the 
closing movement of said stem (76) and en- 
gagement with said seat (70) resulting in a 
momentary movement of said valve body (332) 

45 away from said seating surface (354), allowing 

fuel to flow from said at least one first passage 
(360) to said control chamber (350) to provide 
a fast closing movement of said piston mem- 
ber (336) of said injector valve member. 

50 

2. Device according to claim 1; wherein said at 
least one first passage (360) and said dis- 
charge passage (364) are placed in a cylin- 
drical member (334) substantially and sealingly 

55 fitted in a bore (342) of said housing (344), 

said member (334) defining at one end side 
said seating surface (354) and at the other end 
side said solenoid valve seat (70). 
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Device according to claim 2; wherein an an- 
nular passage (356) machined either in said 
cylindrical member (334) or in said 1 housing 
(344) connects said at least one first passage 
(360) to said fuel inlet passage (358). 


4. Device according to claim 2; wherein said cy- 
lindrical member (334), said valve body (332) 
and said piston member (336) of said injector 
valve member are axially aligned. 10 

5. Device according to the claims 1 or 2; wherein 
an additional throttling passage (362) connects 
said fuel inlet passage (358) with said dis- 
charge passage (364) or with another passage 75 
(366) connected at one end with said dis- 
charge passage (364) and at the other end 

with said at least one second passage (352) of 
said valve body (332). 

20 

6. Device according to claim 1, wherein said 
valve body (332) comprises a throttling orifice 
(348) connected at one end with said control 
chamber (350) and at the other end with said 
second passage (352) and wherein said valve 25 
body (332) shows at least one connecting pas- 
sage (346) between said seating surface (354) 

and said control chamber (350), the cross sec- 
tional area of said connecting passage (346) 
being substantially bigger than the cross sec- 30 
tional area of said throttling orifice (348). 


7. Device according to claim 1, wherein said 
valve body (332) is guided at its outer circum- 
ference in a bore (342) and fuel flow from the 35 
at least one first passage (360) to the control 
chamber (350) during the fast closing move- 
ment of said piston member (336) of said 
injector valve member takes place substantially 
through said passage (352) of said valve body 40 
(332). 

8. Device according to claim 1, wherein said 
seating surface (354) is essentially flat, slightly 
spherical or conical. 45 


9. Device according to claim 1, wherein said 
stem (76), in its closed position engaging said 
solenoid valve seat (70), is closing off said 
discharge passage (364) essentially at its cir- 50 
cumferential diameter at ist outlet side. 


10. Device according to claim 9, wherein said sole- 
noid valve seat (70) and the tip of said stem 
(76) are constructed to form a flat seat. 55 
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© The opening and closing movements of an injec- 
tor valve member which closes and temporarily 
opens discharge orifices communicating with the 
combustion chamber of an internal combustion en- 
gine is controlled by the fuel pressure in a control 
chamber (350) arranged at one end of the injector 
valve member piston (336). Fuel is evacuated from 
said control chamber (350) through bores (348. 352, 
366, 364) when a valve stem (76) is lifted off its seat 
(70) to allow the opening of the injector valve mem- 
ber. Reseating the valve stem (76) results in tem- 
porarily moving an intermediate valve body (332) 
away from a seating surface (354) to provide fast 
refilling of the control chamber (350) with fuel flowing 
through bores (360) connected to an inlet bore (358). 
A sharp closure of the valve member is achieved. 
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